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D:EPJ.:ll-'iw!IT OF THE AIR FORCE 
Headquarters lJnited States Air Force 

Was1;ington 25, D. C. 

10 DececiJer 1954 

lieutenant C--eneral D:rn.ald L Putt 
D2puty C:b.ief of Staff; Develo JX.-'Jl. t 

He..E.dquart r s United States Air Force 
Washington , D.C. 

})ear Jxm : 

In response to your request for SAB co,-1.12)'2flts on the Avro 
"Saucer" proj ,,et , t: .. he SAB has taken tl-ie followin g action : 

·n1e ld..rcraft a.."T1d ?ropuls • on Panels we.re brie£ed on Septasber 
28 by r!.:!presentatives of Hq. APJX:: , at the time of tl-1e Fa11 rreeti:ng 
of u."'l.e Board in ('_c.a.ha. The tentativ0 concl,.).Sior of both par,els 
iL,-rrediately after this briefin g were t o the ·.:.f f ect that this pr o­
j ect warranged no rr:ore than 1.:mited SUJ.-:J?Or t . Ha,.,.,ever , to assure 
thorough consideration of his proj ect, I requ .. '.?.sted repn::sentath1es 
of d -i.e.se t,..;;o p 2U1els t o suppl , ~it t e briefings giv e.n to i-- :a71 at 
Cfi'~IB by a visit t o A.V. Roe Canada Ltd., Malton, v _tario . 

Wit l-i the advice of Clar k Millikan and Dean Soderberg , a s elect 
c:::rrmittee was ~ _osen to con r is study . It •-,,ras Cl'..X1 ised of 
Dean Sod r be.rg , CLaiJ::IT.an of the Propulsion Pane l and senior rnerrber 
of the group; Prof essor ~13.rkh.am , of the Air craft Panel; and Mr . 
funovan , mo has been serving as a rrember of • e Aircraft Far1e l 
and as liaison rr:e12Der w'i th the Prop.. <:ion Panel. 

TI1e at tac .. ed report of this group i s f orv1arded with my approval .• 
representing tl,.e re.su1ts of the SAE ' s cc:nipleted stu.a'y . 

Tn closure 

Sin °rely, 

/s / 
J. H. lXX)LITTI.E 
ktjn g Cr1airman 
Sdentific Adv:i c,,or; Board 
Office of the Ouef of Staff 



DecE'l.l"'Tier 6, 1954 

G__oner al .J arres H. rco lit t 1 e , A.c t ir1g Ch2..:.i.rman 
Scientific Advi sory Board 
Office of t.r~e G:1ief of Staff 
Headquh.rters United States Air Force 
Washington , D.C . 

Dear G€n2ral Ix:olitt le : 

At your reouest we constituted ou:rsel ve.s an ad hoe grou:p t o con.-

elude the studies of the A.V. Roe Cz.---.rr:Qany proj e t '2 , , .. hic.,.'.ci w2..s pre-

.sented t o t.r£ Scientifi c Advi sory &ia:rd a t tlle Crnaha meetings in Sep·-

terrber of this ye.ar . We vi sited the A.V. Roe Oxrr,any i.ri Toronto on 

Nov21rber 17 and 18 . After con ide..ri....-,g the infornBtic.,n available t o 

1.,1s , •· e present the fol l o,;ring report. 

We wish t.o corri.Tend the offi ials of the A. V. Roe 0-:.rmpany for a 

rr.os t courteou.s and \-;-e l l -planned reception, mPJd..J.--ig the fullest possi·­

ble us e of the available ti-n2 . 

'The Y2 i s an ai.rp l ane of ircul ar p l an f orm , originally bui1t: up 

around a r.ad.ial flc:r.v turboj ect ·with t.he exha1.-1st capable of being d.t~­

f12cted do;-;,m,;rard in an annular j e t for take ·-of f an.d hovering near 

the gcou.nd . 'The a:-" rp l ane is designed for supersonic flig...1-i t a t hig,11 

altit1..0.,.e , 1Jn.der -w-h.ich condition the e.x3.1.aus t j et i s directed hori zont­

al ly rea.....·'vla.rds. The air is taken :L.1 ve.rti callv from the ai':iove for 



hove.ring ; f or level fligi_½t the intake is changed to a norrn.--21 

f rontal in let by a set of slides and doors . In later vers i.ons the 

radial e11girie t1as beer1 repl aced by radia.lly di.s posed axia.l f loN 

turbojects of conventional type . 'Ihis rr.odi.fic.a t ion was originally 

c0r1.sidered as an intenne~diate ve:csion wrd.c..1-i might sirrpH.f-y the d.evel -· 

oprre.nt proc:edu:ce , bu t as the radial engine hP..s bee."'1 rrore realisti-

. . appraisea , it is ncr;.;· l ooked upcrn as an a 1 ten-:a ti--...·e fo:rn.1 of 

c--qua 1 pn:>.~.se . 

It is evident that t'-ie L"'"lven t ion i nvo ves a vkiole array of for-

rniclE.b le problems of research cSTid devel .✓i Even in the SIT'.alles t 

versions the outer diarr.eter of tlie r adial flow t:'urb:iJ.,e i s about 

t v-1 -n t y fee t. The entire r otor nJ..s t be supported on air beaxi.n.gs :i.n 

th.e radial as wel l as t..1--i e axial dj_r ect ion , and it is evi... .. e:nt t,"i-i.at 

the accor._rpany-i.ng problerP.s of rr-;echanical d.e.s ign are very di£ fi cul t. 

'The des ign requires t hat very large air flaw (a minii...""11.,1ID of 2bout 

800 lb/ s) be regulated by a co..rnplicated system of mechanical hiJtters 

on the :Lrilet as well as on the outlet side. TI1e problems of stab:Llit:y 

:L.'1 havering ; :L-r:1 fo:f"w'ard flig,1:-it, and in tb.e transit ion between the two 

rr..odes natural ly de, .. --r.a:nd con.sider; ~)le attention. Tne rra.11.y structural 

problems oq an tmconve..ritional nature li..k:.s,rise r equire 1In.J,cl1 study. It 

is evident, even "with only a casual study, that the process of devel­

oprr1t.'T1t ,,;iould be l engthy and costly in the e..xtrer:ce , even by present 

stand.,ci..-rds in military aircraft . The j1 stification for entering i nto 
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such an 'lmdertaking Inust depend on (a ) t'-1.e sign:Lfi ea-nce of the ob­

-\ ectives ·which tJ-ie new ai:rula,.ri.e claims t o fill and (b) the sou:r1d-
~ . 
ness of the m.22r_._s proposed to attain t1-iese obj ecti ves . 

The key feature on s,kti c-b tJte design of the Y2 i s based i s the 

utilization for hoveril1.g of the Dressure built uD in u'l.e ce:nte.r of . . 
an annular j et scream. This preBs·u:re b'..1ild-·up inr...reases the li£t 

at standstil l close t o the ground i..n such a fas ton as to indicate 

the practic.--abil.ity of hovering a fe-w eet off the ground v-ri.th en-

. , . 1 1 , . , h . . ,-g1I1es wncse stati c sea _eve. t11riJs t , w1.t11out t.J..lS augr:22:ntat1.on rrcm 

grm.:md effect -would be less than the ai.rpl2..ne gross weight . Also, 

because of the n.ature of the gr01_:i.."f1d effect , the aircraft we>uld be 

stable with r espect t o height \vben hovering ; that is , it '.vouJ .. d not 

require pilot attei"'1tion to hold a height above t'l.e ground, al though 

it would require control to rraintain its attitu.de . The t1,rus t aug­

IT£t.1tation for hovering obtained by A.V. Roe in SII',3-11 scale tests is 

of the order of 60 t o 80% . Because trie appropriate variables were 

not i.1westi gated and the pertinent D"J?asurE'ITer1.ts not made during tl1e 

tests , data are not avai lable to extrapolate this result pro"'er ly t o 

predict accurately ful l scale aug,~-itation f actors . 'There are lI'&'l.Y 

feat1.rres wt1:i ch could rro...1ze t11e ful l scale augrrJ2Dtation ~actors small 

but ,:rery little likelihood of their being l arger th31J in the nooel. 

'I:'1e possibility of stable hovering is, nevertheless, an engaging 

fe...ature . Un.£or tunately , it hc1.s dcminated the e,.rcllution of L.11e con-
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figuration to such an extent that perf ormance in level flight i s 

bound ,_ o have been seriously colTfJrornised. Si...rice foxward flight i s , 

£ter all , the :L'Tq_)ortant fe.at.7_rre o f an airpla::ne, we have att~ted 

t o e..xarnine into the i nventor s c laJm for the fl:i.ght c0,.;.rracte· • st:Lcs 

with pa.r.ticu1ar care. 

The it,ventor has adva:nced claims for fa:vcrab le on,:a:rd fligh t 

characteristics on t.½e basis that the radi;:i l fl0v-1 engL"1e has a very 

.c ' 1 J.avoraD ... e .rust t o weight ratio (abuut . 22) ; t..i,at tl e specific t11n1.S t 

on the projected area of the p .ane (about 600, including air ir.ta.'>(.es ) i s 

1...111us"L.1a lly high,and that the drag 11.aracteristics of the plane are 

ve_ry f avorable. . . wnJ J.e not eri.oug,1-i :in fo1lT'ation is avai able t o settJ.e 

all of t. ese points , we are co..11pelled t o t& e f'...xception to all th:ree 

of these lai..rn.s . The s;;;ecifi c en.gi.ne weight is no l onger unu.s1.2.l and 

Wc"'l1Jld not in itself j ustify 1.2 radial engine dev 101 ~ mt. rbr o re.r, 

the radial eng:ines possesses certain irli'1erent l:imi t""tions in pressure 

r atio and con:possit efficiencies which are de t:r'.Jnental to good f ue l 

ce,nsurrption i n corr arision wit...1-i .. e axial flow type . m e shift t o con­

ventional tu:rboj ect s has , of course , al t ered b7e situation , but it has 

not strengthened the claims b2.sed on the engi..rie. 'Il1e high 1ru.st pE:r 

fronta l area is in part due t o tJ,e fact t h_at all ciiscuss i ons so f ar 

have been made around plaries with no pay l oad. The situation 'W:i.tJ-1 

re ect to drag ap- ears t o be t_he rrost serious , a.,;ever , since we fee l 

t>-iat the drag TP.ay have been underestb----ated bv a factor of two. Very 



l engt:Jw &1d e:,ipensive exparirr.ents are needed t o settle these que.stions 

with finality . 

The inventor r.?...s assuTed that orrc imprcvement L'l the drag situ­

ati.on might be obtai..T"'Jed through L-OL:::t idary aye.r sue ion . 'Ihe alleged 

gain from tins sO\JTce i s associated wt t h the distribution of the e..x­

haus t j et over the L-rai l ing edge of the ai.rpl ane . I t is not wholly 

frnpossible that such a gain r:1:i.ght in ·.s.ct be present , but no re .iable 

test informati on i s avail able at t.be present t:L'"'-.e on this point. In 

this respect this ai:rplaT1e differs from 1IDre conventiori..al types only 

because Le e..xhaus t jet is · · stributed OV"T 1e trailii-ig edge of b.~e 

w-ing . Tne circular plan fonn off c,rs no part i cular advant.a.ge in this 

connection . 

he are conf ronted , therefore , •..:i tJ1 an ai.rplane cleveJ. opi.TerLt wrd ch 

dDe.s not appear t o possess any L."1trjnsic advantages "'ithe.r ,,,., • th t he 

origjnal radial engine or with the spoke. arraJ'.,_1=;er:-ent of conve.."'lU.onal 

trn:boj ects . TI1e pn~ssure recovery on t 11e induction side is certain 

to be oar for both alternatives; even with the utrrost eveloprra-i t 

of details it could not apprcacl-i the erf rmance of conventional air -­

planes . Tne duct:ing on tl1e exhaust side presents equally formidable 

difficulties fra:n the point of view of losses; and tl1e gain due t o 

bou.ridary layer suction i s only conj ectural . ;J1ese t:Pings might have 

been conipenEated for if ci1e drag &.a.racteristics of the plane con-

figuration could be d :::onstrated t o be favo:cable . nere is no 
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ir,.forrnati on to indicate that t lus is so . Sp b2..sic ar,,.;,s appe2.r to have 

b E:en tTarLsgressed L.'1 t.he ,_ sign . It :Ls :rr.erelv a u.estion of overempha­

sis on the hovering CJ7Bracteristics vri.t.hout any 3..':, Surance that t1.e 

level flight c..~.racterti stics would be t olerable. 

In arriv'.i.ng a t a recc:m:re.ndation for action by tbe Uoj_ted States 

Air Force, we ha 'e atterrjpted to ring :into f ocus several conside:cations . 

The kir1d of i.i-:!'.aginative thinld_r,,.g about uncon ent i onal aircraft which 

u1le -'.1wentor ras displayed c,2:rtrunly r..as a place , and t ,i::,.:ce is pa-

haps not er1ough of it i.n t}~e planning operations of tbe USAF . ¼hen a 

scheIJE of tb.is kind is ready for Imre serious exploitation , however, 

certain considerations .:=.ire essential . Toe dre.aro.s rrn.J.S t stand the tes t 

of hardheaded ~1eoretical and experirr.e.nt.al evaluation . TI1e argument 

that such a proce ure, if app .ied t o aircraft ve opments filty 

years ago, wcruld ha 7e prevented pawered flight i s a specious one . 

1.1 e developrre.7.t of RD e..rigj.ne such as th e Y2 , if it is to be ca._ied 

to a flight article of some k.Lrid , i s ar. undertaking of such a magiti­

tude that it sin-ply cannot be 1.mdertalr-..en on a , _re hunch . We do not 

feel 1at the invento:c can suppor t b1.1e claims he has IT.8.de for it, 

particularly ·with reference t o l evel flight . Moreover , we f ind a 

seri01.1s ack of attempt at a systreatic exploration of ti½_e various 

key aerouynamic phenor:-J2r,a involved . 'l]1ere m..1st a so be a set of 

goals for the aircr aft, vki.i.ch wot1ld place it in a class al-1ead of 
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other devel our±--nts :in pe:rfo:crr.ance if the basic ideas should be 

capable of realization . We do not feel that the objectives of 

tl e develo :ent have bee.Yl cle.arly fo:rrnulated . In particular , ,;Je 

feel that tbere has been a preoccu?ation v,tlth t.112 hovering char­

acteristics to suo1:1 an extent that the r.cst direc t essentials of 

the aircraft have been lost sight of . 

We do not question the ability of tte A. V. Roe CoD any t o 

1,.1n ~,::rtake successfully any well-conceived p:coject in tJ.e aircraft 

field ·which lies wie,h_in their r:-iate.rial resourc Our visit con-

firrns our hig,.'1 opinion of their design and pro iction activici.0 s 

:Ln jet ·rcraft and en.gines . We have developed the s1.1.spician , how­

ever , that the responsible dP_sig:n°r s in the A. V. :Roe eng,inser:L'lg 

groups bre not tJ.1orough y sold an ti\e Y2 proj ect . It is rriani­

festly i rnpossib e for us to prove t.i.11_is contention or to make t.11.is 

assertion of icially with the cc:rnpany. We fee l convinced, hawever , 

that t.t'1e best ta ents of the A. V. Roe organizaLion have not been 

drawn upon in t.he evaluation of this proj ect . ' n .i..s statei-:rent i s 

ma.de without prej udice to;v;:ird tl.e in ·entor , who :ilr.ifiressed us ;:i_s a 

talented and sjncere I:>.an with a great de.al of i rr:agin.ation , but T .... tio 

for this very reason cannot be e.,:pected to pr-;,sent a rully imp2~rtia l 

critique . Full support frOu'. SCffi2 of the le.ac'rir:g de.s!g,.'ler. s outside 

of L1tis particular group could perhaps have presented a nnre con·­

vindng argument for support . 
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On the asis of t he above, , e reca.:rrrer1d agai n st any contractural 

support for t..hi s proj ect until mur:h greater potential:Lties have been 

dr::m::rn.s trated by A.V. Roe 's o;m analysis . 

Sincerely yours , 

Signed: Al 1 E"::!l F. VJJ.lOVail 

Jo_tn R. !'far khc.m 

C. Ric, 'taTd SonderbP ... rg , Chai.:nrBn 
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